H. MUIRHEAD Physics Department, U n i v e r s i t y of Liverpool 1. -INTRODUCTION. -The pp i n t e r a c t i o n is of cons i d e r a b l e i n t e r e s t i n t h e physics of high m u l t i p l ic i t y processes, s i n c e t h e a n n i h i l a t i o n component a llows us t o study p a r t i c l e production processes i n t h e absence of d i f f r a c t i v e e f f e c t s . I n a d d i t i o n t h e a n n i h i l a t i o n process o f f e r s an e x c e l l e n t opportunity t o study baryon exchange.
This t a l k w i l l t h e r e f o r e concentrate on a s p e c t s of t h e a n n i h i l a t i o n process, i n p a r t i c u l a r
(1) high t r a n s v e r s e momentum
(2) m u l t i p l i c i t y d i s t r i b u t i o n s -( 3 ) i n c l u s i v e pp i n t e r a c t i o n s .
2.-HIGH TRANSVERSE MOMENTA [I] . -I t i s well known t h a t most hadronic processes p r e f e r e n t i a l l y involve t h e emission of p a r t i c l e s with small t r a n s v e r s e momenta. Both e x c l u s i v e and i n c l u s i v e r e a c t i o n s i n d ic a t e average t r a n s v e r s e momenta with s l i g h t v a r i a t i o n s between d i f f e r e n t types of p a r t i c l e s and r e a c t i o n s . I n a n n i h i l a t i o n processes, however, t h e average t r a n s v e r s e momentum of t h e outgoing pions con be much l a r g e r than 0.35 GeV/c.
The value found i n a given r e a c t i o n depends on t h e m u l t i p l i c i t y of t h e f i n a l s t a t e and the i n c i d e n t energy. The d a t a c a n be summarised by f i g u r e 1 which shows t y p i c a l r e s u l t s from e x c l u s i v e a n n i h i l a t i o n and non-annihilation processes p l o t t e d a s a f u n c t i o n of a parameter X , defined a s Modulus of t h e l o n g i t u d i n a l momentum, ( IpL I ) X = Maximum p o s s i b l e momentum ' ' max I n t h i s f i g u r e t h e p o i n t s a t low (pT) r e p r e s e n t high m u l t i p l i c i t y and low momentum of t h e i n c i d e n t p a r t i c l e s . A s momentum i n c r e a s e s and m u l t i p l i c i t y decreases t h e a n n i h i l a t i o n d a t a appears t o move t o a p l a t e a u a t N 0.85 GeV/c. Good o v e r a l l f i t s t o t h e t r a n s v e r s e momentum d i s t r i b u t i o n s involving f i n a l a r e compared t o p p non-annihilation processes ( m ) a s w e l l a s t o pp -r NN + pions (0). For a given annih i l a t i o n process X i n c r e a s e s with s. A t a given s , a n n i h i l a t i o n processes with lower m u l t i p l i c i t i e s correspond t o higher X values.
element of t h e form where B i s a r i s i n g f u n c t i o n of s .
The high t r a n s v e r s e momentum i n a n n i h i l a t i o n i s probably l i n k e d with baryon exchange, f o r example i n high energy n p s c a t t e r i n g t h e s l o p e from t h e forward peak of t h e d i f f e r e n t i a l c r o s s s e c t i o n is much s t e e p e r than t h e s l o p e from t h e backward peak.
The backward peak is commonly a t t r i b u t e d t o baryon exchange, and t h e slope i s equivalent t o (p ) , , , T 0.7 GeV/c .
C1-366 H. MUIRHEAD T h i s p r o c e s s cannot o c c u r i n a n n i h i l a t i o n and s o a l l t h e energy goes i n t o meson p r o d u c t i o n , w i t h t h e cons e q u e n t e f f e c t t h a t a n n i h i l a t i o n m u l t i p l i c i t i e s a r e h i g h e r a t a g i v e n s . T h i s d i f f e r e n c e i s d i s p l a y e d
i n f i g u r e 2 when t h e a v e r a g e numbers of n e g a t i v e part i c l e s produced a s a f u n c t i o n of s i s g i v e n f o r -pp a n n i h i l a t i o n and pp r e a c t i o n s . Included i n t h e f i g u r e a r e a l s o d a t a from e-e+ a n n i h i l a t i o n s , i t c a n be s e e n t h a t d e s p i t e t h e t o t a l l y d i f f e r e n t me---chanisms o p e r a t i n g i n e e and pp p r o c e s s e s t h e a v e r a g e number of p i o n s produced a r e s u b s t a n t i a l l y t h e same. F i g . 2 -Average number (n-) of n e g a t i v e p a r t i c l e s produced a s a f u n c t i o n of s f o r i ) a n n i h i l a t i o n p r o c e s s e s pp + p i o n s ( X ) i i ) a n n i h i l a t i o n p r o c e s s e s e+e-+ p i o n s (m) i i i ) K-p + A + p i o n s analyzed i n t h e r e s t frame of t h e p i o n s ( s e e t e x t ) (A) i v ) pp -t N N + any t h i n g (0)
I t would be o f i n t e r e s t t o a s c e r t a i n how c l o s e l y t h e a n n i h i l a t i o n d a t a corresponds t o t h e non-diffract i v e component i n pp c o l l i s i o n s . S i n c e no s u i t a b l e pp d a t a was a v a i l a b l e a c r u d e a t t e m p t t o d o t h i
I f t h e m u l t i p l i c i t y d i s t r i b u t i o n s a r e examined t h e a n n i h i l a t i o n d a t a i s found t o b e c o n s i d e r a b l y d i f f er e n t from pp d a t a . I n f i g u r e 3 t h e c o r r e l a t i o n par a m e t e r 2 f,
3 -Behaviour of t h e c o r r e l a t i o n parameter v e r s u s t h e a v e r a g e number ( n g ) of n e g a t i v e p i o n s produced f o r t h e same r e a c t i o n s a s i n f i g u r e 2 a s -w e l l a s f o r some pp non a n n i h i l a t i o n p r o c e s s e s (A).
i s d i s p l a y e d f o r s e v e r a l d i f f e r e n t r e a c t i o n s . I t c a n -be s e e n t h a t i n e l a s t i c pp d a t a i s e s s e n t i a l l y t h e -same a s pp . On t h e o t h e r hand t h e v a l u e f o r f 2 f o r t h e a n n i h i l a t i o n d a t a becomes p r o g r e s s i v e l y more n e g a t i v e w i t h i n c r e a s i n g s -implying c l o s e l y bunched d i s t r i b u t i o n s .

-NEUTRAL PIONS [4,8]. -The h i g h t r a n s v e r s e nomenta of t h e o u t g o i n g p i o n s imply t h a t a substant i a l p o r t i o n of p h a s e s p a c e i s f i l l e d . Consequently
t h e number of unobserved U ' s c a n be s a f e l y deduced from t h e shape of t h e m i s s i n g mass s p e c t r a and t n e c o r r e s p o n d i n g c r o s s s e c t i o n s c a n be a s c e r t a i n e d . The main c o n c l u s i o n s a r e :
(1) t h e numbers of no a r e b i g g e r t h a n simple i s o s p i n s t a t i s t i c a l w e i g h t s would i n d i c a t e e.g. 4.6 GeV/c ( n i ) = 2.1 , ( n i ) 2.6,
( 2 ) f o r a f i x e d number of p i o n s i n t h e f i n a l s t a t e t h e r a t i o s of c r o s s s e c t i o n s t o d i f f e r e n t charged s t a t e s do n o t change s i g n i f i c a n t l y w i t h s , and do n o t a g r e e w i t h i s o s p i n weight p r e d i c t i o n s , ( 3 ) i n c o n t r a s t t o h i g h energy pp and i n e l a s t i c
pp r e a c t i o n s t h e a v e r a g e numbers of 2 mesons -f a l l w i t h i n c r e a s i n g nn ( f i g u r e 4 ) .
A l l t h e above behaviour c a n be understood i n terms of t h e p r o l i f i c p r o d u c t i o n of resonances ( e . g . p mes o n s ) , whose frequency of o c c u r r e n c e does not change s i g n i f i c a n t l y w i t h s [5] , and w i t h a l i g h t m u l t i - f o r a n n i h i l a t i o n p r o c e s s e s . we c o n s i d e r pp r e a c t i o n s i n t o t h e e f f e c t s of t h e a n n i h i l a t i o n s n a t u r a l l y appear.
The Chan group [lo] have shown t h a t t h e fragmentat i o n p r o c e s s c a n be r e p r e s e n t e d a s where A and B a r e porneron and meson terms. T h i s r e l a t i o n h a s been shown t o h o l d f o r a wide v a r i e t y r e a c t i o n s of t h e t y p e p -% x-, and, i n p r i n c i p l e , -t h e r e s u l t s f o r p c a n be p r e d i c t e d . There is a c o n s i d e r a b l e d i s c r e p a n c y between experiment and t h e o r y a s shown i n f i g u r e 5 -most of t h e d i s c r e p a nc y c a n be t r a c e d back t o t h e a n n i h i l a t i o n channels.
-
The d i f f e r e n c e i n t h e c o r r e l a t i o n parameter -2 f o r pp a n n i h i l a t i o n s and i n e l a s t i c p r o c e s s e s h a s a l r e a d y been noted i n f i g u r e 3 . The KNO s c a l i n g f u n c t i o n [ l l ] 0- .-The i n e l a s f i * Fpd a t a show a n e a r l y f i t t o t h e pp c u r v e , b u t t h e a n n i h i l a t i o n d i s t r i b u t i o n is remarkably d i f f e r e n t .
Thus a p i c t u r e emerges i n pp r e a c t i o n s t h a t when one s t u d i e s a n n i h i l a t i o n c h a n n e l s t h e d a t a i s cons i d e r a b l y d i f f e r e n t from o t h e r h a d r o n i c p r o a e s s e s , b u t t h e n o n -a n n i h i l a t i o n d a t a l o o k s very much l i k e pp p r o c e s s e s . Thus i f o m c o n s i d e r s t h e i n c l u s i v e r e a c t i o n g8] a n n i h i l a t i o n i s a u t o m a t i c a l l y excluded, and t h e i n v a r i a n t i n c l u s i v e c r o s s s e c t i o n s f i t (?) w i t h simple t r i p l e Regge p o l e models and y i e l d roughly t h e expected meson t r a j e c t o r i e s .
What i s n o t y e t c l e a r is whether t h e a n n i h i l a t i o n d a t a i s t y p i c a l of what which one might e x p e c t from -c e n t r a l c o l l i s i o n s . I f i t i s , t h e n pp a n n i h i l a t i o n F i g . 5 -p + X-f r a g m e n t a t i o n d a t a w t t h p p r o j e c t i l e s ( I ) a s conipared t o t h e p r e d i c t i o n ( j ) from d a t a u s i n g o f f e r s a r e l a t i v e l y c l e a r way of s t u d y i n g t h e s e o t h e r p r o j e c t i l e s : p(A) , ~' ( 0 )~ K+( ) , 7 2 ( . ) ,
K -( m )
and Y ( + I .
processes.
